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ABSTRACT 

Laboratories  such as those engaged i n  recording d a t a  from s a t e l l i t e s  have 

long f e l t  t h e  need f o r  a s p e c i a l  purpose, programmable, accurate and r e l i a b l e  

d i g i t a l  c lock t o  automatical ly record t h e i r  d a t a  a t  p rese t  t i m e s .  Such a 

s o l i d- s t a t e  d i g i t a l  clock has been designed and a c t u a l l y  constructed t o  have 

four  ON s e t t i n g s .  

t h e  clock outputs  a 4.5 v o l t  pulse of one minute dura t ion  t o  opera te  t h e  re- 

cording equipment. A separa te  timing motor determines the  dura t ion  of the  

When the  p rese t  ON t i m e  coincides with the  indica ted  t i m e ,  

d a t a  recording.  The c lock has been b u i l t  w i t h  a 200 KHz o s c i l l a t o r  (long 

t e r m  s t a b i l i t y  - + 1 X 10 per  day), in t eg ra ted  c i r c u i t  decade d iv ide r s ,  de- 
-6 

coders, NAND gates,  t r a n s i s t o r i z e d  AND gates ,  f l ip- f lops ,  e t c .  I t  has been 

shown how t h e  design can be extended t o  inc lude  four  corresponding OFF s e t t i n g s  

t o  con t ro l  the  dura t ion  of the  recording time. I t  has a l s o  been shown t h a t ,  

t h e o r e t i c a l l y ,  the  ON s e t t i n g s  on the  c lock can be increased to  a maximum o f  

60 or a l t e r n a t e l y  a c lock with 30 ON s e t t i n g s  and 30 OFF s e t t i n g s .  
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I .  INTRODUCTION 
- 

In m o s t  systems which c o l l e c t  da ta  or record events ,  i t  i s  des i rab le  t o  

have a general  purpose c lock  from which t h e  real t i m e  of day may be read or 

outputed. The c lock  a l s o  should be able  t o  s t a r t  and s t o p  recording the  d a t a  

a t  a number of previously p rese t  t i m e s  during a day. The ob jec t  of t h i s  pro--. 

ject is t o  design and bu i ld  a r e l i a b l e  e l e c t r o n i c  clock, t o  i n d i c a t e  t h e  t i m e  

of the  day up t o  a second and t o  have four  p rese t t ings .  When t h e  c lock ' s  

t i m e  co incides  with one of t h e  four  p rese t  t i m e s ,  a pulse of one minute dura- 

t i o n  i s  outputed from t h e  instrument. The inst lrument is b u i l t  s p e c i f i c a l l y  

t o  operate the  sa te l l i t e  d a t a  recording equipment a t  t h e  Geophysical Observa- 

t o r y  at  the  Universi ty of I l l i n o i s ,  but i t s  c a p a b i l i t y  i s  more extensive.  

Electronic clocks may be divided i n t o  f i v e  classes: (1) those i n  which 

an impulse is given d i r e c t l y  t o  a pendulum or balance, (2) those  i n  which an 

escapement or pendulum is dr iven by a sp r ing  or weight a l t e r n a t e l y  l i b e r a t e d  

and wound e l e c t r i c a l l y ,  (3) those driven by a l t e r n a t i n g  current  synchronous 

motors, (4) quar tz  c r y s t a l  clocks and (5) atomic clocks.  

Since t h e  f i r s t  t w o  are no longer being used, they are of h i s t o r i c a l  

importance only.  Synchronous motor clocks are beifig used where accuracy' and 

r e l i a b i l i t y  are not  very important because of t h e i r  dependence on t h e  supply 

frequency. Crys ta l  c locks  are u s d  mainly as secondary standards i n  laboya- 

tories;  t h e i r  s t a b i l i t y  approaches - + 1 X 10 per  24 hours (Hewlett-Packard, - 10 

1967). Atomic clocks are used as primary s tandards .  They are expensive and 

complicated with a s t a b i l i t y  - + 1 x lo-'' per 24 hours. 



I D  1 Synchronous MOGCDP Clocks QTAPise, l9$&] 

Synchronous m~tor cPoeb  have a steel rotor ,  The steel G@QS~-_?~  has appre- 

ciable magnetic hysterisis, The rotor as aounted between tk% golea of an 
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With the advent of the  semiconductor, t h e  use of a t r a n s i s t o r  as a switch 

is found t o  be more r e l i a b l e  than t h e  r Pay. This can be seen by comparing 

t h e i r  performances as switches i n  the following t a b l e  (see also Figure 1). 

Table 1 - Performance of Relay vs  Trans i s to r  

Relay 

moving p a r t s  t h a t  a re  
subjec t  t o  wear. 

1. Moving p a r t s  Mot r e l i a b l e  a s  it  has 

2. Speed of opera- SlQW by a f a c t o r  of 
t i o n  more than 1000 when 

compared t o  t r a n s i s-  
tor  e 

3. Noise Radiates noise  i n  the  
RF spectrum which can 
i n t e r f e r e  with o the r  
systems 

4. Ratio of open t o  Superior t o  t r a n s i s t o r  
closed c i r c u i t  as it approaches in- 
r e s i s t a n c e  in t ro-  f i n i t y .  
duced i n t o  t h e  
load c i r c u i t  

Transistor 

More r e l i a b l e  as i t  has 
no moving p a r t s  and there-  
fore lacks  mechanical 
con tac t s  t h a t  are sub jec t  
to wear. 

Operating t i m e  is  reduced 
by f a c t o r  of more than 
$000 compared to  re lay .  

____ 

No such noise .  

F i n i t e  c o l l e c t o r  emitter 
r e s i s t a n c e  when f u l l  ON 
and Beakage current  when 
f u l l  OFF make i t  in fe r-  
ior t o  relay. This is  
not  se r ious  i n  a proper- 
l y  designed c i r c u i t  * 

Besides the  drawbacks of the  s tepping switches, t h e  c lock a t  t h e  Geo-  

physical  Observatory becomes more complex as  one increases  t h e  number of pre- 

s e t t i n g s  t o  more than t w o .  

1.2 Crys ta l  Clocks 

I n  c r y s t a l  c locks  a c r y s t a l  con t ro l l ed  o s c i l l a t o r  serves  as the  basic 

timing source. Crys ta l s  achieve a greater degree of s t a b i l i t y  and accuracy 

J 
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a) 

0 "I 
RELAY AS A BTC 

Figure 1. Transistor vs Relay 
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at  r e l a t i v e l y  high frequency. An accuracy of one p a r t  i n  I O 8  can e a s i l y  be 

achieved (Irwin and Jensen, 1966). The high source frequency i s  e lec t ron i-  

c a l l y  divided, usual ly  by decade d iv iders ,  t o  the  requi red  frequency. A 

decade d iv ide r  d iv ides  the input  frequency by a €actor of ten. In  th~?:~pas% 

tubes and then t r a n s i s t o r s  w e r e  used t o  bu i ld  decade d iv ide r s ,  S i  

advent of in teg ra ted  c i r c u i t s ,  i n t eg ra ted  c i r c u i t  decade d iv ide r s  have been 

replac ing o the r  forms of decade d i v i d e r s  because they are inexpensive, very 

small i n  s i z e  and r e l i a b l e  over l imi ted  temperature and voltage ranges @ham- 

ba ta ,  1965). 

The use of in teg ra ted  decade counters  d r a s t i c a l l y  reduces t h e  actual 

number of elements needed fo r  the  c l o c k P s  implementation, e . g , ,  only f i v e  

packages are needed t o  d iv ide  down from 100 KHz t o  1. Hz .  Both a c t i v e  and 

passive c i r c u i t  compon~?nts i n  t h e  d iv ide r  a r e  formed i n  t h e  bulk material 

and become an i n d i v i s i b l e  and una l t e rab le  p a r t  of t h i s  material, Intercon- 

nect ion  between various components are obtained by deposi t ion  of conductors 

by th in- f i lm technology or i n  some cases by ingenious jux tapos i t ion  of some 

of the  components wi th in  t h e  bulk ma te r i a l  i t s e l f ,  Input/output connections 

are made by bonding t h i n  w i r e  leads  t o  se lec ted  po in t s  on t h e  su r face  of the  

semicbnductor sl ice represent ing  t h e  re u i red  nodal points  of t h e  p a r t i c u l a r  

c i r c u i t  conf igura t ion .  

The advantages of using in teg ra ted  c i r c u i t s  compared t o  o the r  e l e c t r o n i c  

c i r c u i t s  are as fol lows:  

1. Increased R e l i a b i l i t y  

I n  t h e  pas t  electrical connections have been one of t h e  l a r g e s t  

factors con t r ibu t ing  t o  r e l i a b i l i t y  of e l e c t r o n i c  equipment. In 

in teg ra ted  c i r c u i t s  t h e  number of point  connections of conventional 
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The physica l  size. of a system d l r s e k l y  l i m i t s  its operat ing 

s p e d  because of propagation delay,  Integrated circuits increase 

t he  speed of: operatioa since ax1 the eomponsn-53 are formed in the 

bulk material and are closslly 3nteresnne~ted~ 

3. Space 

Pnteg1"ated circuits sec.Jpy less space D 

5 Serviceabi 11 ty and ,91daintenance 

It is impossible to replace a defective comp$?:rwE"-t in an inte- 

gra ted  c i r c u i t ,  

component, 

m e  enexre e i r c ~ 5 t  mus t  be trsa5;sd as a singkc 

If a component is  isul-cy,  the entire eircnit must be 

replaced by 8 known good camp 

A s  the  main purpose of this project w a s  to h c i l d  8 rehabie  clock, ints- 

gra ted  c i r c u i t  d~cade counteps, decoders ax2 gat(% were used in its eocst r~c-  

t i o n .  



2, 

3. 

4. 

Current 
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5. output Specifications 

a) 4 . 5 ~  pulse for minute duration at preset time. 

b) Number of presettings at a time is folr, 
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According to the  design specifications, the clock has to meet certain 

logic requirements, The first r e ~ ~ i ~ e ~ e ~ ~  is tha t  the clock be provided with 

four prE?settingS. when the pPeSX3t tl3llE2 coincides With .$he Clock’s indiC8ted 

time, a pulse of one minute uration is to be outputsd. This can be aCco~p1is~ed 

by the incorporation of the l og ic  discussed in BIP,E. In Section IPI,% it is 

shown how the  design may be sxteaded ts include f o u r  corresponding OFF settings 

to have control over the aukatton of recording t i m e ,  The logic designs fo r  

automatic change of time Paom 2359:58 to 0000:00 ana for the  setting of the 

clock are discussed in PI1,3 a ~ d  IItI,4, respectiValyo 

I1P.I Preset Logic foe? ON settings Orly (INIcClas?:ey, 1965 and Digital Logic 
Handbook, 1966) 

Let  w represent ?,./LO %-,ours counter, 

x repreazrit 1 hour co2ntel”, 

P represent 1/10 minGte8 counter, 

z represent P minute ccunter, 

u represent 1\10 seconds counter, and 

B represent 1 seComd counter. 

i i i i  Let W X Y Z represent the preset time fo r  the ith presetting or ON setting. 

Since f o u r  QN settings are reguirsci, i z: 1, %> 3, and 4, Let the coincidence 

between the preset time and the indicated time be represented by logic 1 and 

the not-coincidence by logic  0 ,  At the ith coincidence, W X P Z = 1; tha t  is, i i i i  

i i i - y  - 2  -1, 

Since any Boolean functfoas can be expanded by a canonical sum, we may 

Write f 8% 



PO 

1 1 1 1  3 3 3 3 14x4.p4z4 
4- W2X2P2Z2 4- w x %I z f = w x Y 2 

4 = f p + f 2 C f  + f  
3 

Thus f is a minimal sbm where f13 f,, f 

t h i r d  and f o u r t h  ON s e t t i n g  times, W%en f .  i s  one (eautymts a pulse),  t h e  

i t h  ON s e t t i n g  coincides with the ind ica ted  t.ime, az.d II~T%?I f is  zero (no 

output pulse o r  ground potent ia l ) ,  the ON set”,ir?g does pot coincide with t h e  

indica ted  t i m e .  The network shown i~ Figixe 2 rsing AND and OR gates is one 

way t o  r e a l i z e  t h e  funct ion  f given by Eqna*;icn 1, 

and f represent  the  f i r s t ,  second, 3 4 

1 

i 

I 

Another way 0f r e a l i z i n g  f is based on r e w ~ i t l n g  f ~ s i ~ . g  9s Morgan”s 

Theorem : 

i j l i i  ‘ where 7 = (w x y z and tke  bar in,dico~;c=,a >:he c ~ ~ @ l e r n e x ~ ~ ~  Tke re%lfz%@ion 

of f using NAND gates i s  shown in Figure 3, Thie is t h e  log ic  tha t  was used 

i n  the c lock’s  cons t ruct ion .  

i 

Instead of having an output  pulse o f  one miz?~ute d u x ~ t i o x  for each ON s e t t i n g ,  

t h e  dura t ion  of output pulse for each ON s e t t i n g  can be co~~atroEled tQ the  

des i red  dura t ion  by IncLuding an OFF s e t t i n g ;  t k z t  is, 

coincides with t h e  ind ica ted  time sf the  rock_, the output pu l s e  ceases to 

e x i s t .  To do t h i s ,  one must introduce a memaery i n t o  tks log ic  c i r c u i t r y ;  an 

R-S f l i p- f l o p  serves  this function (Figure 4 is the  block diagramdo 
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W’ 
X’ 
Y ’  
zB 

1 1 1 1  f ,= w x Y 2 
f2= w 2 2 2 2  x Y z 

3 3 3 3  f,=w x Y 2 

f,.. 

Figure 2 ;  Realization of f Using AND and OR Gates 
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W '  
x i  
Y '  
Z '  

- 
f I 

w2 
x 2  
Y 2  
Z 2  

w3 
x 3  
Y 3  

w4 
X 4  
Y4 
z4 

3 s  3 3  - 
f,= w x Y z 

f4= w 

Figure 3. Realization of f Using 



W '  
X '  

Y '  
Z '  

w 2  
X 2  
Y 2  

Z *  

N 

W3 
x 3  
Y 3  
Z3 

w4 
x4 
Y4 
z4 

OUTPUT 
F PULSE TO 

RE L A Y  

Figure 4, Preset Logic (for both ON and OFF settings) 



ON and OFF settings must occur alternately and at the ith ON setting; the 

and f ( Q U t p U t  Of N OFF output of NAND gate nine (fON) is 0nt2~ 

NAND gate ten corresponding to the ith OFF setting] are fed to the S and R in- 

puts of a S-R flipflop. The output pulse f 

zero to one which starts the data recorder, 

comes one and the state of the Fl? changes from o m  $8 zero to s t o p  the recorder, 

changes the state of the  FP from ON 

At the ith OFF setting, fOFF be- 

The clock should automatically change to 0006:OO after 2359~59 without  

2400:OO being indicated. This is accomplished by using an -4ND gate shown in 

Figure 5 .  P and Q are the input terminals and F is the saa.tput ~ ~ ~ m i ~ a l  of t h e  

AND gate. P is connected to the decimal o u t p t  2 of the decoder of counter W, 

Q is connected t o  the decimal output 4 of the decoder of eoun%er X and F is 

connected to the reset Pines w and x: of the counters W and X, When the indi- 

cated time changes from 2359~59  to 2400:00, F becomes 1 and sets the counters 

W and X to 0. There is a time delay of about 40x1 sets (~ime deibay sf AND gate 

and counters W and XI fo r  the c ~ u n t e ~  to change from 24OO:OO t3 OO00:00, The 

nixie indicators canrmt responc? during this brief  time and! one can see only 

the time changing from 2359~59  to $1000930, 

111.4 Setting of Clock 

The clock can be set t o  any time using flip-flops, AND and OR gates, 

The logic is shown in Figure 6, and the circuit d-agrm of the  f l i p- f l o p  is 

shown in Figure 7. Setting the clock is ~~~o~~~~~~~~ in t3e following steps: 

sired time. (This should be done about 028 mirate mi  ad of the 

desired set time,] 
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2N1252 

IN270 
P 

Q 
1 N 27'0 

F =  PQ 

P i s  connected t o  the decimal output 2 o f  the decoder 
o f  counter W 

Q is connected to the decimal output 4 of  the decoder 
o f  counter  X 

F is connected to the reset lines of counters W and X 

Figure 5, Automatic Change of Time from 2359:59 t~ 0OOO:OO 
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I N270 I N 270 IN270 
N tn 

2NI252 

t 5v 

\vu I ru I '  

DIVIDER 

IN270 

IOKHz 

TO OUTPUT OF 
NAND GATE 1 

I N 270 

TO INPUT OF 
COUNTER V 

h - 6 V  

I N270 IN270 c2 
Dl N l0l 

k 
OF 
5 )  

To ROI 
OF DIVIDERS 

IN270 

I RUN 

Figure 6. Setting of Clock 
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2 .  Push and release the  - SET button.  This makes 

A1 = 1, A = 0, 2 B2 = 1 

When t h e  - SET button is  pushed, t h e  1 Hz s tops  and a 10 kHz s i g n a l  

feeds  t h e  counters  V through W.  Since B = 1, d iv ide r s  1 through 

5 are set t o  zero.  

2 

3. When the set t i m e  coincides with t h e  indica ted  t i m e ,  t he  output of 

NAND ga te  1 is  log ic  0 (A1 = 0)  and t h e  c lock s tops  counting. 

4. When t h e  time t o  which t h e  c lock is  t o  be synchronized is reached, 

push and r e l e a s e  the  - RUN button.  By doing t h i s ,  the  clock is 

synchronized t o  the des i red  time. Since A2 =: 1, B = 0 when the  

RUN button is  pushed, a 1 Hz s i g n a l  feeds t h e  counters  V through 

2 

W and t h e  c lock runs i n  i t s  normal mode. The maximum t i m e  the  

c lock t akes  t o  reach t h e  set t i m e  i s  about n ine  seconds. 



The two types of f l ip- f lops  used i n  t h e  decade csunter SN749QP-T are Iris- 

cussed i n  W . l ,  The speratioass of t h e  various I.C, ( In tegra ted  

components SN749 NLM200 and NHdFIIPOQ are discussed in IcV.2, I V - 3  and IV,LP. 

The need for  the i n v e r t e r s  and t h e  d i v i s l s n  by 6 are sxpkained i n  PVe5 and 

I V . 6 .  The block diagrams and the d i f f e r e n t  power supplies used %?e discussed 

Iv.  1 D i g i t a l  Counter Logic (NoJjar, 1964) 

S i x  conventions% types of memory devices are used l e  designing digital 

J- K  and J-K-CP f l i p- f l o p  elbements, The BCD decade counters (SKt77490N) used 

i n  t h e  cP~ck'3 construcxion are the d-,K-@P and R-S-@P i I i p f L o p  types (see 

Figure 8l0 

IV.1.l Operation of a R-8-CP F l i p - F l ~ p  

If  it is ass~med t ha t  Q and Q  BE"^ the  s ~ % : ~ s s  of the R-S-CB f l i p f l o p  
t t 61 

shown i n  Figure 8 at two successive time periods t and t + P ,  i ts  properties 

can be illustrated i n  binary form shown i n  Table 2, The f i r s t  three columns 

i n d i c a t e  all the poss ib le  combinations s f  states of the  inputs  R, S and CP 

a t  any given t i m e  t, The four th  ceglumn represents  the f l i p- f l o p  states at 

bit- t ime t-el, 

J 
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Table a - Logical Properties sf R-8-GI? Flip-Flops 

Time t 

0 

0 

B. 

l” 

0 

0 

1 

11 

0 &t 

1 Qt 

0 % 
li P 

0 % 
l 0 

0 undetermined 

P I undetermined 

The l o g i c a l  properties given in Table 2 can be sumarized in .a Truth 

Table shown as Table 3 ,  

Table 3 - Truth Table for  R-8-Cap Flip-Plop Operation 

X indicates either l o g i c  B. or  0 



2.2 

From Table 3 t h e  logical. proper t i e s  of R-S-CP f l i p f l o p  can be expressed 

by the  following Boolean equations, 

- 
= R Q  + C P S E  t t t  Q t + n  t t 

and 

I V .  1 .2  J-K-CP F l ipFEop  

The J-K-CP f l i p- f l o p  has t h ree  input  terminals  J, K and CP (clocked 

The output s tate Qt+l pulse) .  

f o r  a l l  combinations of inpu t s  are tabula ted  i n  Table 4. 

The outputs  of the FF are level outputs .  

Tabla 4 - Logical Properbies of J-K-CP P l i p F l o p  

B i t  T ime  t 3 i t  T ime t + E  

Qt +1 

Qt 

1 

In order  t o  determine the input  condi t ions  for  both J and K i n  t e r m s  of 

it is necessary to proceed i n  the  same way as f o r  R-S-CP f l i p -  
t + 1 9  

The r e s u l t s  81-8 presented i n  t h e  following Truth Table. 

Qt and Q 

f lops .  



From Table 5 the characteristic equation fo r  the J-K-CP EBip-flop can Baa 

written as 

Rgl and R These are input  terminaBs of t h e  -hvo K m D  gates and have been 

shown i n  Figure 8. POT counting> R and R are gso2Eded3 R is connected to 

V and R is connected to B Ths  CP input of J-K-CP and R-S-CP flip-flops 

used in the counter SX74BUN are sez~sitivre only to negative steps. 

91  92 02 

CC 01 2 -  

In Figure 8 A, 8, C and D ars l eve l  outputs  of the counter. 

drives the CP input of the  second J-X-CP Zlip-flop and the CP i npu t  of R-S-GB 

Output A 

- 
f l i p - f l o p ;  O U t p h l t  D &PivS@S t%63 inpUt Of SQCoXld J=-&-CP f l i p - f l o p ;  output B 

drives the CP input  of the third J-K-CB flip-flop. With R =: D and S LS S S - 
1 2 -  

BC, the J 's  and K's sf first and third PPDs me ~ ~ i ~ ~ a i ~ e ~  a% log ic  1 whereas 
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Table 6 - ResetKount 

Reset Inputs 

P 

1 

X 

0 

B 

X 

0 

0 

X 

R 
02 

P 

b 

0 

X 

IL 

0 

X 

X 

0 

X 

0 

P 

B 

E 

0 

X 

0 

X 

- 
D 

0 

0 

P 

P 

B 

output 

c o u n t  

c o u n t  

c o u n t  

- 
J = ID and K i s  mainstained at log ic  P f o r  second PI?, The Bogie opera t ion  of 

t h e  decade counter for ten i npwt  pulses is shown in Table 7, 

A t  t h e  f i r s t  p P s e ,  the second FF cannot respond s ince  A is  a pos i t ive  

s t e p .  

CP input  and S = TB = 1, A t  the four th  pulse, t h e  t h i r d  FF responds t o  a 

negative s t e p  and i ts CP input s ince  its CP = I%. A t  t h e  end of t h e  seventh 

pulse, t h e  fourth FFss input  states a r e  S = P and R = 0. 

the four th  FF responds t o  a negative s t e p  at  i t s  CP and sets D t o  1. 

t e n t h  pulse, t h e  f o u r t h  FP responds t o  t h e  negative s t e p  a t  i t s  CP and sets 

D = 0. Since t h e r e  i s  a negative s t e p  at t he  CP input  of the  second FF, i t  

can set €3 t o  1 i f  its J input  is one. 

A t  the second pulse, the  second FF responds its a negative s t e p  a t  i t s  
- 

A t  t h e  e igh th  pulse 

A t  t h e  

But by t h e  t i m e  5 = 1 = J, t h e r e  is 
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Figure 9a. Output Wave Forms of the Decade Counter 
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Figure 9b. Output Wave Forms of the Binary to Decimal Decoder 
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s 

8 4 2 i  

8 4 2 1  

where 8, 4, 2 and 1 (z9 29 T4 1) a r e  binary outputs  (complements of t h e  decimal 

counter .  The binary outputs  become inputs  t o  the  r e spec t ive  t r a n s i s t o r s ,  as 

shown i n  Figure 10, Corresponding t o  t h e  decimal number s a t i s f y i n g  the  above 

t a b l e .  The t r a n s i s t o r s  conduct only when the  vol tage  equivalent  t o  log ic  1 

i s  present  a t  each of i ts  four  inpu t s .  The c o l l e c t o r  of each t r a n s i s t o r  is 

connected t o  t h e  r e spec t ive  cathode of t h e  readout tube.  

The readout tube i s  a gas f i l l e d ,  cold  cathode diode with mul t ip le  cath-  

odes. Each cathode is shaped as  a d i sp lay  cha rac te r  (decimal number) and has 

a separa te  base p in  e lect r ical  connection. When t h e  t r a n s i s t o r  conducts, the  

corresponding decimal. number has a path t o  ground and t h i s  causes the  shaped 

glow discharge.  The 'tonft t r a n s i s t o r  is operated i n  s a t u r a t i o n  and the  "off" 

t r a n s i s t o r s  are operated i n  a back b ias  s tate.  

IV.4 NL-MlOO Decoder/Driver 

The NL-M100 decoder/driver is  used i n  p a r a l l e l  w i t h  t he  decoder d r i v e r  

of NL-M2OOto generate a decimal ou tpu t .  NL-MBQO is s i m i l a r  t o  t h e  NbM200 

except t h a t  t h e  decimal counter  and t h e  readout tube are not present .  Since 

Ebb is not needed i n  t h i s  case (no readout tube) ,  Vcc is applied through a 
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Figure 10. NbM200 Readout Tube Decimal Counter/Driver 
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load r e s i s t o r  R t o  t h e  c o l l e c t o r  of each t r a n s i s t o r  as shown i n  Figure 11. 

When a log ic  1 i s  present  a t  each of the  inpu t s  of t h e  t r a n s i s t o r ,  t h e  tran-  

L 

s i s t o r  conducts and the  output i s  shown i n  Figure 9b. (Note t h a t  log ic  l e v e l s  

are inver t ed . )  

IV.5 Inver t e r s  

To have compatible pos i t ive  l o g i c  f o r  the  gates,, t he  decimal output must 

be inver t ed  from plus f i v e  v o l t s  t o  zero  v o l t s  and from plus one v o l t  t o  p lus  

f i v e  v o l t s .  This i s  accomplished by using the  i n v e r t e r  shown i n  Figure 12.  

The r e s i s t o r s  are a l l  1/4 w a t t  and have a 5% to le rance ,  

IV.6 Division by S i x  

To have t h e  c lock read i n  hours, minutes and seconds, a d i v i s i o n  by s i x  

is  needed. This d iv i s ion  can be accomplished two ways. These are discussed 

i n  the  following subsect ions .  

IV.6.1 By Using AM) G a t e  

The 1/10 seconds counter  U should reset all of its binary outputs  t o  

zero a t  t h e  s i x t h  input-pulse, and the  n i x i e  should change from 5 t o  0 with- 

out  i n d i c a t i n g  s i x .  This can be accomplished by using an AND gate indica ted  

i n  Figure 5 and connected as shown i n  Figure 13, A t  t he  s i x t h  incoming pulse, 

t h e r e  are l e v e l  outputs  a t  B and C.  Using t h e  AND gate as shown, t h e  BCD 

counter w i l l  be reset t o  zero a t  t h e  s i x t h  pulse.  The output of AND ga te  

resets U t o  zero  and d r ives  t h e  succeeding 2 counter .  

IV.6.2 By Using Decoder Output 

The 1/10 minutes counter Y also must be reset t o  zero a t  the  s i x t h  pulse .  

I n  t h i s  case s ince  t h e  decimal output of counter Y is  ava i l ab le  from its 
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0 t o  9 are the decimal  o u t p u t  t e rmina ls .  

vc c GROUND 

(b) 
Figure 



31 

10 K 

Vi= Input Pulse ( ith decimal o u t p u t  of  decoder 

Vo= O u t p u t  Pulse 

Figure 12. Inverter 

\ 
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TO THE TNPUT QF 
COUNTER 2 

Figure 13. Division by S i x  Using an AND Gate 
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decoder, t h e  counter can be reset t o  zero using t h i s  decimal output (See 

Figure 14).  The decimal output 6 of t h e  Y decoder i s  fed  t o  the  reset input  

of Y and t o  t h e  succeeding X counter .  

There w i l l  be a t i m e  delay of about 40n sees i n  both cases before t h e  

counters  change from 6 to 0, The n i x i e  cannot respond during t h i s  t i m e ,  and 

one can only see i t  changing from 5 t o  0. 

IV.7 Block Diagrams 

The d e t a i l e d  block diagrams of t h e  c lock are shown i n  Figures 15 and 16. 

Note t h a t  four  r o t a r y  switches are used f o r  each ON s e t t i n g .  The switched 

contac ts  are w i r e d  i n  p a r a l l e l  and each wiper contac t  is  connected ts a NAND 

gate input .  The opera t ion  of t h e  c lock i s  discussed i n  V. 

1V.8 Power Supplies 

The schematic diagrams of the  95v DC, +200v DG and -6v DC power suppl ies  

are given i n  Figures 17 and 18. 

The f i v e  v o l t  supply is  an Acopian Model 58201 regula ted  power supply 

with a l i n e  r egu la t ion  of - +0.50/0, load Segulat ion of _. +0.5%'0, maximum output 

load cur ren t  of 2.1 amperes and an RMS r i p p l e  of 5 mv. 

The two hundred v o l t  supply f o r  the  n i x i e  readout tubes is a zener diode 

regulared supply. The output of a f u l l  wave bridge r e c t i f i e r  i s  f i l t e r e d  with 

a RC p i  f i l t e r  and then connected t o  a 2OQv zener diode through a current  

l imi t ing  r e s i s t o r .  Since t h e  n i x i  voltage i s  not c r i t i c a l  (200 f lo%), regu- 

l a t i o n  by the  zener diode i s  more than adequate. 

The minus s i x  v o l t  supply i s  a standard t r a n s i s t o r i z e d  regulared supply. 

This design has been used many t i m e s  i n  o ther  equipment a t  t h e  Geophysical 
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To the Input of BOX N Counter Z 
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BOX Q 
NOTES: 

1. Boxes K , L , M  Are Similar to Box J Except that They Have Dlfferent Number of 
Decimal Outputs As Shown in Diagram 4 

2. DE-Binary to Decimal Decoder 
3. NI - Nixie Readout Tube 
4. 0- Inverter 

/ 

Figure 16. Detai led Block Diagrams of t h e  Preset  Logic and of t h e  
Decoders (see a l s o  Figure 15) 

1 

I 



37 

Y 
rc: * 

L 
Y 

m 
r? 

Y 
0 

& 

;o, 
E >  
O l n  
O N  
0 
(u 

--de-- 

I nT > 

0 
E 
0 
0 
0 
(u 

3. 
a 
0 

.- 

0 .. 
d- 
Y 

-0 
c 
0 

m 
Y 

c\J 
Y 

Y 

n 

c - 

I 

3, 

a 
m 

I+ 

4 
k 
a, 
B 
8 
u 
d 
3 
In 



38 

M 

> 
0 
0 

+ C U I  

P 

- 
I 

I 
I 

h 
I-l a a 
3 
r%l 
k 
a, 

PI 

u 

5 

d 
3 
ul 

I 

a, 

5 
3 
a 

h 
.-I a a 
3 
m 
k 
a, 

PI 

u 

5 

n 
3 
0 
0 cv 

00 
rl 

a, 
k 
3 
M 

Fr 
.d 



39 

Observatory. 

p lus  f i v e  v o l t  supply except the  m a x i m u m  cu r ren t  i s  PO0 m a .  

Line, Load and r i p p l e  s p e c i f i c a t i o n s  are s imilar  to those  of t h e  
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The given 100 DIz supply frequency i s  counted down t o  1 Hz by using $$ve 

SN7490N decade counters  i n  cascade, Figures 6, 15 and E6 descr ibe  t h e  c lock 

i n  de ta i l .  

W, X, Y, Z, U and V ape the decade counters  (SM7490N) t h a t  d r ive  t h e  BCD 

t o  decimal decoder/driver and t h e  nixie i n d i c a t o r ,  A B@D-to-decimal decoder/ 

d r i v e r  is connected in p a r a l l e l  with t h e  other decoder/driver f o r  counters  

W, X, Y and Z .  The decdmal outputs  of the  decoder a r e  shown i n  Figure 96.. 

Since these  outputs  a r e  inver ted  with respect t o  t h e  standard log ic  l eve l s ,  

each decimal output dr ives  an i n v e r t e r  (Figure 12). The decimal outputs  from 

t h e  i n v e r t e r s  of each counter are connected i n  p a r a l l e l  t o  t h e  four  rotary 

switches corresponding to the four ON s e t t i n g s .  The l i n e  s e l e c t i n g  terminal 

of each r o t a r y  switch corresponding t o  t h e  pth decoder (p = W, X, 'Y and Z> 

and t h e  n th  OM s e t t i n g  (n = 1, 2, 3 and 4) goes t o  the nth  NAM) ga te .  When 

the  n th  ON s e t t i n g  (n = i) c ~ i n c i d e s  with the  ind ica ted  t i m e ,  t h e  output f 

i s  0, and the octpxats of the remaining NAND gates ,  

one, f l s  f2, f and f are t h e  inputs  t o  M A M I  g a t e  f i v e .  A t  t he  i t h  s e t t i n g ,  

f = 0 and f =: P, B = '8, 2, 3, 4. Therefore f = 1, which opera tes  t h e  r e l a y  

t o  record the  da ta .  

i 

n = 1, 2, 3, 4 are fndi9 

3 4 

i n d  

The opera t ion  of the clock has to be independent of the  number of ON set- 

t i n g s  t h a t  are being used a t  a t i m e ,  To achieve t h i s ,  each t e n  hour r o t a r y  

switch is  pa~ovided with a ground po in t ,  If any of the  four ON s e t t i n g s  are 

not required, the  corresponding ten hour r o t a r y  switches should be kept a t  the  

OFF pos i t ion  (gr~~nd po in t )  

The s e t t i n g  sf t he  clock and i t s  automatic change from 2359~59  t o  QO00:QO 

are explained under t h e  r s spec t ive  t itles. 
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The d i g i t a l  c lock with four  ON s e t t i n g s  has  been b u i l t  and is working t o  

t he  des i red  spec i f i ca t ions .  

discussed i n  t he  next s ec t ion .  

Some of t h e  s a l i e n t  f ea tu re s  of t h e  c lock  are 
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VI. SALIENT FEATIRES OF THE DIGITAL CLOCK 

1. The switches corresponding t o  t h e  f i r s t  of t h e  four  ON s e t t i n g s  are 

used t o  set the  clock.  Since t h e  synchronizat ion of t h e  c lock t o  

a given t i m e  i s  accomplished manually by pushing a button, an in-  

accuracy, depending upon how w e l l  one can synchronize, is introduced 

i n  the  indica ted  t i m e .  If higher accuracy of the  ind ica ted  t i m e  is 

required,  e l e c t r o n i c  r a t h e r  then manual synchronizat ion i s  recom- 

mended. This  can be accomplished by using a pulse generated from 

WWV, (41.- o the r  s u i t a b l e  sourceg t o  t u r n  on a t r a n s i s t o r .  The t ran-  

s i s t o r  would provide the  ground path t o  replace  the  push button.  

If more ON s e t t i n g s  are required,  a NAND g a t e  with inpu t s  equal  t o  

the  number o f  ON s e t t i n g s  is needed. The maximum number of poss ib le  

ON s e t t i n g s  is  s i x t y ,  The l imi t ing  f a c t o r  is  the  c o l l e c t o r  current ,  

2 .  

of t h e  2N3391 
CMAX 

of the  i n v e r t e r  t r a n s i s t o r  (2N3391). The I 
IC'  

i s  100 ma. A t  l o g i c  0 the maximum current  from t h e  NAND ga tes  

(SN'744N) is 1.6 m a .  The number of ON s e t t i n g s ,  N, is  determined 

by the  following equation.  

= ( inver t e r  load cur ren t )  + (ga tes  c u r r e n t )  + ICMAX 

(gate current  f o r  t i m e  change 2359:59 t o  00OO:OO) 

5 x 1.05 5 x LOO5 
0.95 X 10K 0.95 X 2 K  + 1.6n + 100 ma = 

n = 68 



3. In  t h e  event of a power f a i l u r e  of one- third of a second or longer, 

a l l  l o g i c  is lost  and the  c lock w i l l  reset i t s e l f  t o  t h e  t i m e  set 

on the  f i r s t  QN s e t t i n g .  The indica ted  t i m e  on the  c lock  w i l l  be 

i n  e r r o r .  To prevent t h i s  d i f f i c u l t y ,  it is advisable t o  run t h e  

c lock on b a t t e r i e s  charged by t h e  l i n e  supply. 

4. The accuracy of t h e  c lock ' s  ind ica ted  t i m e  is  l imi ted  by t h e  osc i l-  

l a t o r  accuracy and s t a b i l i t y .  

200 KHz o s c i l l a t o r  is - +1 x 10 

required,  the  c lock  i s  provided with a 1 MHz ex te rna l  i n p u t ,  

input must be 0 t o  95 v o l t s  pos i t ive  pulse o r  a 5 v o l t  peak-to- 

peak s i n e  wave biased t o  a p lus  2.5 v o l t s .  

Long t e r m  frequency s t a b i l i t y  of t h e  

-6 per day. I f  b e t t e r  s t a b i l i t y  i s  

The 

5 .  The t o t a l  power consumption of t h e  d i g i t a l  c lock is  approximately 

10 w a t t s  
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